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ABSTRACT
The P r ima r y o bjec tive o f this stud y is to inc r ea se geo lo gic a nd te cto nic
unde r sta nd ing o f the ge o the r ma l r es o urc e s a t the Na va l Air S ta tio n (NAS)
Fa llo n, Ne va da. The s e is mic re f lec tio n me tho d is e mp lo yed to s tud y fa u lts,
fr ac ture s a nd o the r te c to nic s tr uctur es in the s ubs ur fa ce in o rd er to ide ntify
geo ther ma l d r ill ta r gets. The e ff ic ie nc y o f ge o the r ma l s ys te ms is s tr o ngly
dep e nd e nt o n wa te r c ir c ula tio n. Disc re te fa ults ma y be p er me ab le a nd p ro v ide
pa thwa ys for wa te r flo w d epe nd ing o n the fr a ctur e de ns ity. I t is the re fo re
des ir a b le to d etec t a nd ma p fa ults a nd fra c ture zo ne s a nd c har ac ter ize the ir
physica l propertie s when evalua ting a geother ma l prospect.
The s e is mic d a ta fo r this p ro jec t we re p ro vid e d b y the NAS e nvir o n me nta l
re se ar c h p ro gr a m in Rid ge cr es t, C A. Ho we ver , the d ata c o lle c tio n in fo r ma tio n
wa s no t a va ila b le so the wo rk inc lud e s de te r min ing the line ge o me tr y a nd
ma pp ing s ho t po ints to f ie ld f ile s in o rd er to p ro ce ss the d a ta. P ro MAX 2 D™ is
the so ftwa re use d to de ter mine the geo me tr y a nd to p ro ce s s the da ta. Da ta
pro ce ss in g inc lud e s e limina ting no is e, d atu m a nd r e fra c tio n sta tics , tra ce
mut ing, b a nd pa ss filte r, a uto ma tic ga in c o ntr o l, a mp litud e re co ve r y, CMP
so rtin g, ve loc ity a na lys is a nd N MO co r re ctio n, stac k ing a nd

migr a tio n. The

re s ults o f this s tud y ind ic a te the p re se nc e of thick basin fill inc luding Tertiary and
Quaternary sediments underlain by Tertiary basalts which are interpreted to be capping
rocks for the geotherma l reservoirs. This seismic reflection study also reveals the presence
of strongly fractured pre-Tertiary basement complex with the ir top at about 1500m on the
north and west and about 900 m on the eastern and southern part of the study area
vi
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CHAPTER 1: INTRODUCTION
The Primary objective of the seis mic reflection study discussed here is to increase geologic
and tectonic understanding of the geothermal resource at the Naval Air Station (NAS) in
Fallon, Nevada (Fig. 1). I have employed the seismic reflection method to study faults,
fractures and other tectonic structures that will allow accurate planning of geotherma l drill
targets. By employing reflection seismology that images small scale geological
heterogeneities and by integrating that data with existing geological, geophysical and
geochemical information, it is possible to reduce risk and increase productivity in all
phases of geothermal development, exploration, production, and resource management.
The processing and interpretation of 2- D seis mic reflection lines from the NAS site
provides information on potentia l drilling targets and subsurface structures.

I used

ProMax™ software for processing the data and to generate velocity models for
interpretation. The final result of this work will be a recommendation to the NAS for the
continued development of the geothermal site in Nevada.
1.1 Geography and physical setting of the study area
The NAS Fallon exploration project (Fig.1) was started in the late 1970s by the Geothermal
Utilization Division (currently the Geothermal Program Office), Naval Weapons Center,
China Lake, California, to assess the geothermal potential of selected areas of NAS Fallon
(Bruce, 1980). It is located southeast of the city of Fallon in west-central Nevada long the
western edge of the Basin and Range Province in the Carson Desert. Topographically the
area is characterized by alternating narrow faulted mountains and broad alluvium filled
valleys that strike approximately north- south. The Basin and Range province is characterized
1

by abnormally high heat flow, hot springs, thinning of the brittle crust and abundant normal
faulting (Grose and Keller, 1979).

Fig.1 Location Map of the Study Area (modified from John H. Stewart & John E. Carlson, 1978)

2

1.2 Regional geology and structural setting
The study area lies in southwestern Nevada near a transitiona l zone between the Basin and
Range physiographic province and the Sierra Nevada province. Those provinces also form
part of the southeastern boundary of the Carson Sink depression. The surface geology of
western Nevada (Fig.2) shows features related to Paleozoic and early Mesozoic folding,
thrusting and plutonism and late Cenozoic magmatis m and extension (Burchfiel and Davis,
1972). Exposed rocks are extremely varied and range in age from Precambrian to Cenozoic.
Major rock groups include Paleozoic and Mesozoic sedimentary and volcanic rocks;
intrus ive rocks, chie fly of Mesozoic age; Tertiary volcanic and sedimentary rocks; and late
Tertiary and Quaternary sedimentary and minor volcanic rocks (Hose and Taylor, 1997).
The crust in much of the study area is thought to have been accreted to the North American
continent in middle Paleozoic and early Mesozoic time during the Antler and Sonoma
orogenies (Burchfie l and Davis, 1972). Tectonically the area is affected by volcanis m and
extension which is manifested by low- angle normal faults separating tilted mountain blocks
and basins underlain by a mid-crustal detachment (Eaton,1980; (Stewart, 1971, 1978;
Allmendinger and others, 1983, Anderson and others, 1983; Smith and Bruhn, 1984,
Wernicke, 1981, 1985).
Information on the subsurface geology of the study area is based on a well drilled in 1986
(Katzenstein and Bjornstad, 1987). The area is dominated by thick (678m) sedimentary rocks
comprised predominantly of sands, clays and shales that were deposited in lake, stream channel,
and alluvial fan environments. These sediments were deposited in the Quaternary period and are
Lake Lahotan and associated sediments and younger. The sediments are underlain by volcanic
rocks: primarily olivine rich basalts with some interlayered basaltic tuffs, volcanic sediments and

3

sparse pyroxene andesites. These volcanic rocks are probably the northern extension of the
Bunejug Formation of Pliocene to early Pleistocene age (Katzenstein and Bjornstad, 1987).

Fig.2 Regional Geological Map (modified from John H. Stewart & John E. Carlson, 1978)
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1.3 Regional Heat Flow and structural control
Generally the heat

flow

in the

Basin and Range province

of northern Nevada is

extremely complex. It is complicated by the combination of the regional effects of
extension and igneous activity modified by the local conductive effects of therma l
refraction, a comp licated structural setting, and variations in radioactive heat production,
erosion and sedimentation. Groundwater flow, both on a local and a regional scale also
affects heat flow measurements in the region (Blackwell, 1983).
A combination of a very high permeability crust related to extension with relatively high
therma l gradients due to high regiona l heat flow results in the observed pattern of heat
flow and geothermal systems in the region. The str uctura l settings that favor geothermal
activity all invo lve sub- vertical conduits of highly fractured rock along fault zo nes oriented
approximate ly perpe nd ic ular to the least pr inc ipa l stress (Faulds, et al, 2011). The lack of
recent volcanis m in the study area suggests that uppe r crustal magmatism is not a source
for most of the geother ma l activity in this region (Faulds et al, 2006). Coolb a ugh et al.,
(2002) and Faulds et al. (2004) also noted that most of the geothermal systems in the Great
Basin are not related to obvious magmatic heat sources, but are instead fault controlled
and the north to northeast striking faults are the ma in controlling structures . They also
found that in the northwestern Great Basin, the NNE- striking controlling faults are oriented
approximately orthogonal to the crustal extension direction.
Faulds et al. (2011), found that areas characterized by multiple overlapping fault strands
and increased fracture density which can enhance permeability are the most favorable
structural settings for geotherma l purposes. The major areas that satis fy those conditions
are step-overs or relay ramps in normal fault zones, intersections between norma l faults

5

and either transversely oriented strike- slip or oblique- slip faults where multiple minor
faults typically connect major structures and fluids can flow readily through highly
fractured, dilatational quadrants, and norma l fault terminations or tip- lines where horsetailing generates numerous closely spaced faults and thus increased permeability. Other
dominant structural settings for geothermal systems in the region inc lude accommodation
zones which are belts of intermeshing, oppositely dipping normal faults, major range- front
faults, salients or apices of major normal faults, and pull-aparts in strike-slip fault systems.

6

CHAPTER 2: PREVIOUS WORK
Exploration for geothermal energy in Nevada began in 1950 with the drilling of the Rodeo
well at Steamboat Springs approximately 15 km south of Reno (White, 1983). Since that
time hundreds of wells have been drilled in Nevada to locate and develop geothermal
resources capable of producing electricity. These efforts have resulted in the identification
of several moderate to high temperature geothermal sites in the northern Basin and Range
in Desert Peak, Soda Lake, Stillwater, Salt wells and Dixie Valley (Fi g.3) (Edmiston, 1982;
Benoit and Butler, 1983; Edmiston and Benoit, 1984). The NAS site discussed here is
located within the area defined by those known geothermal sites.
The geothermal resource in the study area has been studied by the Navy since 1979. The
presence of a hot artesian well a few miles south of the study area which has a bottom hole
temperature of about 770 C was the basis for starting geothermal exploration in the area
(Katzenstein and Bjornstad, 1987). The resource temperature of the artesian well was
estimated to be about 2040 C using Na-K-Ca geothermometer (Bruce, 1980). The Navy has
drilled several thermal gradient holes in attempt to delineate any thermal anomaly beneath
the study area; the resultant gradients ranged from 97 0 C/km to 2370 C/ km. A trace mercury
study was performed (Bruce, 1980) to further understand the thermal anomaly in the area.
High mercury anomalies indicated the possibility of significant geotherma l fluids at an
exploitable depth. The pattern of the mercury anomalies ind icated that the study area was
probably cut by three faults. Those faults could provide fractured surfaces with suffic ient
porosity to form a reservoir while allowing conduits for escaping geothermal fluids.
The Navy drilled FOH-1 (Fallon Observation Hole- 1) in 1981 to a depth of about 617m to
test subsurface temperatures. Unconsolidated sediments were found from t he surface to a
7

depth of 556m and the bottom 61m was mixed with a large amount of volcanic detritus. A
bottom hole temperature of 970 C was recorded with a therma l gradient of 139 0 C/km.
Gravity and Magnetic surveys were performed in 1982 and they delineated a large fault
that directly underlies a high mercury anomaly (Bruce, 1982).

Fig.3 Location of existing geothermal sites around the study area (not to scale)

In 1986, FOH-2 (Fallon Observation Hole-2) was drilled to a total depth of 1367m
intersecting 667 meters of sediments and 690 meters of volcanic rocks (olivine rich basalt).
The hole showed a geothermal gradient of 104 0 C/km with a bottom hole temperature of
1550 C. The temperature gradient was found to be conductive at the bottom of the hole which
encouraged further investigation (Bruce, 1982). The dis tr ib utio n and trends of surface
geochemical studies of fluids, soil mercury studies, gravity and magnetic surveys,
temperature gradient hole drilling, and intermediate depth drilling were all employed in an
attempt to delineate a commercia l- grade geotherma l resource capable of supporting
electrical power generation (Combs et al, 1995). These efforts terminated with the drilling
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of a moderately deep (2,119 m) production-type slim hole in August 1993 which was
successfully flow- tested to confirm the existence of a moderate- to high- temperature
geothermal resource as a basis for further e xploration (Combs et al, 1995). The well
penetrated 686 m of sediments, 1372 m of basalt flows and volcaniclastic rocks, and entered
basement (Mesozoic metasedimentary and granitic rocks) at 2057 m (U.S. Navy, unpublished
data, 2001). The reservoir appears to be highly fractured Mesozoic rocks (Co mbs et al., 1995)
probably related to north-northwest-striking faults parallel to the west side of the Bunejug
Mountains and Grimes Point just east of the geothermal area. Geothermal fluid is known to exist
below an area of 10 km2 or more (U.S. Navy, unpublished data, 2001).

9

CHAPTER 3: RESEARCH METHODOLOGY
The seismic survey was carried out in the study area with the objective of directly
imaging faults, fractures and other tectonic structures as reflectors. The land surface in the
vic inity of the lines is relative ly flat and the length of the lines varies from 5.21km ( line- 2)
to 22.43km ( line- 4) (Fig.4). Some of the acquis ition parameters used in this study are
summarized in Table1. Two of the lines are parallel to the strike of the Basin and Range
structures and the rest are almost perpendicular to those structures.

Seismic data

processing software, promax2D™, was used to process the raw data and convert it into
interpretable seis mic sections. Because the study area has similar geologic characteristics
and similar acquisition parameters, I utilized the same general processing flow for all the
lines in the study area as described below.

3.1 Pre-processing
At this stage I defined the geometry such that the shot and receiver locations are ent ered
correctly in the trace headers. This is a very important step because all of the subsequent
processing would be incorrect if the geometry is stored in the headers incorrectly. The
location, orientation, number of sources, number of channe ls and line length differ for each
line. The location of the receivers was known but the source locations relative to the
receivers was not available. The locations of the sources were extracted from my analys is
of the direct arrivals which I traced back to their source (Fig.5). Because direct waves
travel from source to receiver in a straight line, I was able to determine the location of the
source in a shot gather with some uncertainty. In order to confir m all the parameters are
entered correctly, air wave velocity is used as a reference which in my case is about
330m/sec (Fig. 6).
10

Fig.4 location and orientation of Survey Line

Table 1. Summary of the parame te rs used for data acquisition
Line

Line

Max Number

number

length(km)

of channels

Station numbers

Source interval

Receiver

Sampling

Interval(m)

Interval (ms)

Line-1

18.05

362

101-459

Variab le

50

2

Line-2

5.21

108

101-205

Variab le

50

2

Line-3

20.61

371

101-515

Variab le

50

2

Line-4

18.26

371

101-463

Variab le

50

2

Line-5

22.43

371

101-548

Variab le

50

2

Line-6

13.38

274

101-371

Variab le

50

2

Line-8

13.52

277

101-374

Variab le

50

2
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Fig.5 Determination of the source location from extrapolation of direct wave arrivals from a split spread
configuration (line4, FFID 99)

Fig.6 Determinations of air wave velocity from seis mic gather to confirm the geometric
parameter setup

3.2 Processing Data
Conventional seismic data processing (Yilmaz, 2001) converts field recordings into seismic
sections that help delineate the subsurface stratigraphy and structure. After the geometry is
stored in the trace headers, spatial and temporal processing is the next step that is necessary
to improve the image of the shot gathers and stack sections. The process invo lves a
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sequence of processes such that different steps are readjusted several times in order to
optimize the output. Some of the processing parameters I used in this paper are discussed
below:
3.2.1 Eliminating Noisy Traces : Bad geophones or lose connections at a particular
location are the main causes of noisy traces. These traces decrease the signal to noise
ratio of a stacked section and therefore should be killed or corrected. Killing a trace
consists of adjusting the amplitude of the trace to zero at all times.

Fig.7 A shot gather from Line6 FFID 10, showing noisy traces above and after eliminating
noisy traces below
13

Note that the group of noisy traces in F ig.7 is created by geophones centered at receiver
locations between 80 and 100. Those noisy traces are probably caused by a poor electrical
connection, a malfunction of the active component of the geophones or bad placement of
the geophone in the ground other source of noise could be local source noise like water
pump, bad coupling of the geophones because of some surface characteristics.

3.2.2 Automatic Gain control (AGC): it is applied to seis mic data to increase the
amplitude of weak signals. This process helps to see the strong reflections clearly and
also identify some minor events due to weaker reflections. A 500 ms AGC window is
applied to all the shot gathers (Fig.8).

Fig.8 Shot gather from Line 2. Top before the application of AGC and bottom after the
application of AGC of 500ms. Weaker events become more pronounced after applying
AGC
14

3.2.3 Trace Muting: This is the process of excluding parts of the traces that contain
only noise or more noise than signal ( low signal to noise ratio). Depending on the noise
distribution top mute is applied to all the shot gathers to removes first arrivals created
by refraction (Fig.9).

.
Fig.9 An examp le of a shot gather from Line4 in source location 67 left before muting is
applied and right after a top mute is applied
3.2.4 Bandpass Filte r: A bandpass filter is used to get rid of noise by identifying a
desired range of frequencies from the frequency spectrum ( Fig.9) and rejecting all other
frequencies in order to improve the temporal resolution. Before applying a bandpass
filter, it is important to analyze the frequency spectrum of the shots and choose the
optimum range of frequencies. The frequency range of the whole spectrum in Fig. 10
(a) goes from 0Hz to 250Hz but most of the energy is confined between 15Hz and
55Hz. After the analysis of the frequency spectrum I can select the range of frequencies
that contains most of the energy and reject the rest of frequencies. A 5-15-30-55
Ormbsy band pass filter is applied to all the data and a notch filter is also applied to
some of the lines as necessary.

15

Fig.10 Frequency Spectrum for Line 6 FFID 10 before (above) and after (below) the
application of 5-15-30-55 bandpass filter
3.2.5 True Amplitude Recove ry: The goal is to get the data to a state where the
reflector amplitudes relate directly to the change in rock properties giving rise to them.
This process will boost up or correct the amplitudes of the reflectors for energy lost
16

through spherical spreading and absorption at depth. Assuming a homogeneous media,
the energy density decays as 1/r2 and the wave amp litude as 1/r; so we have an
attenuation of the amplitude at later times. This attenuation can be corrected by
applying a geometric spreading correction or dB/sec correction constant to the original
field record.

A 3 dB/sec correction constant is applied for all shot gathers before the

application of AGC . Fig 11 shows the effect after the application of a 3dB/sec
correction constant for one of the lines.

1.3 Enhancing the Data

3.3.1 Common M idpoint (CM P) Sort: CMP sorting is the process by which traces that
correspond to the same midpoint between source and receiver are gathered into a
common file. The purpose of the process is to increase the likelihood that reflections
from a common point in the subsurface will be combined into a CMP gather. This is
one of the early processing steps that must be comp leted before velocity analysis and
stacking.
3.3.2 Velocity Analys is and NM O corre ction: The purpose of the velocity analysis is to
bring out a velocity model that can flatten the hyperbolic reflected events using the NMO
correction in order to stack constructively (Yilmaz, 2001). A good velocity analysis and
NMO correction is needed to improve signal to noise ratio in the stacked data, to obtain a
better time to depth conversion and to apply migration successfully (Yilmaz, 2001). To
process the data, several iterations of velocity analysis were performed to find an optimum
NMO velocity model. The best results from the iterations were applied to the data prior to
the stacking. The NMO correction is used to correct all non- zero offset to a zero offset travel
17

time (Yilmaz, 2001).The NMO correction with a 45% stretch mute is applied to all the data.
The stretch mute is used because the normal move out correction stretches the traces in a
time variant way and as a result their frequencies shift toward the low end of the spectrum.
The RMS velocity models were calculated using NMO corrected CDP gathers and semblance
analysis plots (Fig.12). Velocity analyses were conducted every 10 CDP’s along all the 2D
survey lines, resulting in between (x-y) analyses per line. Following the velocity analysis, the
seismic data were stacked, to increase the signal to noise ratio.

Fig.11 An example of a shot gather from Line6 in source location 87 before True
Amplitude Recovery is applied above and after True Amplitude Recovery is applied below;
the amplitude is boosted at later times
3.3.3 Stacking: Stacking is the process by which seis mic traces that correspond to the
same CMP that have been NMO corrected are summed up to increase the signal to noise
ratio. Applications of stacking include testing normal move out, determining velocities,
and attenuating noise to improve signal-to- noise ratio (Fig. 13).
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3.3.4 Migration: Migration is the process of moving the reflections to their proper
places with their correct dip. This results in a section that represents more accurately a
cross-section of the earth, delineating subsurface details such as fault planes. The type
of migration applied in study is Kirchhoff’s depth migration for line5, line6 and line8.
This kind of migration is very flexible in dealing with large velocity contrasts and
arbitrary dip angles and is computationally effic ient making is ideal for geologically
complex such as basin and range normal faults (Schneider, 1978). In order to apply this
process, RMS stacking velocity functions obtained during velocity analys is are
converted to interval velocity functions with a velocity manipulation process in which
the stacking velocity function is first smoothed and then converted to interval velocity
using the Dix equation (Fig.14) (ProMAX® Reference). In the case of line 2 and line 4,
migration deteriorates the reflectivity characteristics of the stacked data and as a result
no migration was applied, only the NMO velocity is used to perform CDP/ensemble
stack. The final stacked and migrated sections are in the data analysis and interpretation
part.

19

a) Before NMO correction

b) After NMO correction
Fig.12 Velocity analysis and NMO correction for line 6, after applying NMO correction with the
proper NMO velocity, the reflections become straight (b)

20

Fig.13 Example of CDP ensemble stack line 6

21

Fig.14 Smoothed velocity models for lines 2 and 6. Top: Line2 smoothed NMO velocity;
Bottom: Line 6 Smoothed Interval Velocity model derived from RMS Velocity and used
for Kirchhoff’s depth Migration

22

CHAPTER 4: DATA ANALYSIS AND INTERPRETATION
I utilized a velocity model to map structures and to identify lateral changes in the
subsurface properties of the study area. I also supported the results with other available
geophysical, geological and geochemical methods to add more confidence to my
interpretation. In this paper, I am presenting seis mic data from five profiles that image the
subsurface along different segments of the study area (Fig.4). Due to poor acquis ition
quality two seis mic profiles line 1 and line 3 are omitted from data analysis and
interpretation. Two of the seismic profiles, line 6 and line 8, traverse north- south paralle l to
the Basin and Range structures, line 5 is perpendicular and line 2 and line 4 are at an angle
to the Basin and Range structures.
A brief summary of the reflection data from all the profiles analyzed shows a shallow
horizontal to sub- horizontal reflector at a depth of approximately 900 m (~3000 feet),
intermittent high velocity bright reflectors that range in depth from 750 m (2500ft) to 2150
m (7000ft), and high amplitude, variably dipping reflectors between 2000 and 3000 meters
(6000 to 9000 feet) (e.g. Fig. 15, Fig.16 and Fig.17).

Kirchhoff’s depth migration was

applied to these lines and the interval velocity model and the velocity model, un- interpreted
and interpreted seismic sections are shown in Fig.16 and Fig. 17 below.

23

Fig.15. Interval Velocity Model, Kirchhoff’s depth migrated seis mic section line8. Velocity
model above Un-interpreted middle and interpreted section below
The principal features observed in Fig.15 are shallow horizontal and sub- horizontal
reflectors (yellow color). According to the regiona l geology information and from
24

observation ho les drilled in the area those reflectors can be interpreted as Quaternary and
Tertiary basin fill sediments consisting predominantly of sands, clays and shales that were
deposited in lake, streams and alluvial fan environments (Katzenstein & et al, 1987). Below
the basin fill sediments (red color) is a high ve locity layer with relatively fewer reflectors
than the overlying layer and interpreted as Tertiary basalts which according to Morrison,
(1963) are primarily olivine rich basalts that are probably the extension of the Bunejug
Formation of Pliocene to early Pleistocene age. The medium velocity and extensively
fractured layers below the Tertiary basalts most likely are the pre- Tertiary basement rocks
based on the results of the observation hole (FOH 3) in the study area drilled in 1993 (Combs et
al, 1993). Basin bounding high angle normal faults are observed (Fig. 16) with dips to the north
and the south and are traceable into the basement rocks. These normal faults are probably due to
Basin and Range extensional tectonics. The migrated seismic section, line 6 (Fig. 16), shows
similar features to line 8 (Fig. 15). From both migrated seismic sections (lines 6 and 8) it is
observed that the basin fill sediments are thicker in the northern part of the study area. The top of
the Tertiary basalts is not constant and is shallower in the southern part of the sections.
Profiles perpendicular to the Basin and Range structures line 5 traverses west-east parallel
to the extension direction of the Basin and Range structures (Fig.17).

The prominent

features of seismic reflection line 5 (Fig.17) are gently to steeply dipping normal faults
recognized by termination of east and west dipping reflectors. These faults are traceable to
depth of about 2000m (6000ft) throughout the basin fill sediments and Tertiary basalts and
the a basement complex. The basement complex is extensively fractured on the eastern part
where the top of the Tertiary basalt is shallower and the basin fill sediments are thicker to
the south.
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Fig.16. Interval Velocity Model, Kirchhoff’s depth migrated seis mic section line8. Velocity
model above Un-interpreted middle and interpreted section below
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Fig.17. Kirchhoff’s depth migrated seis mic section line5. Un- interpreted above and
interpreted below. Solid thick dark lines are observed and the dotted thick dark lines are
inferred contact, yellow basin fill sediments and red Tertiary basalt. Line4 and line2 runs at
27

an angle to the Basin and Range structures, the RMS velocity model, the interpreted and
un- interpreted CDP/ensemble stack sections are in Fig.18 and Fig.19 for line4 and line2
respective ly. They show similar characteristics to the other seismic profiles with basin fill
sediments

in

the

shallow

part

followed

by

Tertiary basalts

and

Pre- Tertiary

metasedimentary rocks. The contact between the Tertiary basalts and the pre- Tertiary
metasedimentary rocks in the case of line 2 is not as sharp as the other lines. Line4 (Fig. 18)
shows a steeply NNW dipping reflection surfaces that changes dip with depth to a low
angle surface at about 2.2second two way travel time (Fig.20). This reflection surface is
interpreted here to be a listric normal fault which can be validated by a truncation of gently
SSE dipping reflections observed to the northwest of the structure. On the SSE part of the
same reflection profile, there is a steeply SSE dipping reflection surface that appears to
change dip with depth which can also be interpreted as a listric norma l fault which possibly
change to a low angle surface at depth. Both these listric normal faults which dip in
opposite direction create a horst between them on the footwa ll of the faults.
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Fig.18. RMS Velocity model, CDP/ensemble stacks seis mic section line4. Velocity model
above Un-interpreted middle and interpreted section below
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Fig.19. RMS Velocity model, CDP/ensemble stacks seismic section line2. Velocity model
above Un-interpreted middle and interpreted section below
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Fig.20. CDP/Ensemble seismic profile line4 showing the presence of listric normal fault
that changes dip with depth. The two oppositely dipping listric normal faults create a horst
structure on the up thrown part of the foot wall part
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CHAPTER 5: GEOTHERMAL RESERVOIR MODEL
This se is mic re fle c tio n ima gin g me thod he lp s to the unde r sta nd ing o f the
geo lo gic a nd te c to nic s o f the ge o the r ma l r es o urc e at Na va l Air S ta tio n (NAS)
Fa llo n, Ne vad a.

The e ff ic ie nc y o f the geo the r ma l d r ill ta r gets is s tr o ngly

dep e nd e nt o n the s tr uctur a l a nd geo lo gic info r ma tio n o f the a r ea in whic h th e
c ur r e nt s tud y re vea ls th is in fo r ma tio n. F ro m a ll the p ro ce ss ed a nd inte r pr e ted
se is mic p ro f ile s, a ge ne r a lized mod e l o f the ge othe r ma l po te ntia l o f the ar ea is
as fo llo ws. The geo the r ma l r es e r vo ir (p r e- Ter tia r y me ta mor p hic /p luto n ic roc k)
is e xpe cted a t a d ep th o f a bo ut 90 0 m o n the so uth- ea s t a nd ab o ut 180 0 m o n the
nor th- we s t o f the s tud y a re a. This r es e r vo ir is e xte ns ive ly fr ac tur es in the so utheas t p a rt o f the s tud y a re a whic h is s uita b le fo r ge o the r ma l e xp lo ita tio n be ca use
fr ac ture d roc ks ha ve the p ote ntia l to co nd uct mor e flu ids . The Ter tia r y ba sa lts
ca n ac t a s a ca pp in g r ock to the geo the r ma l r es er vo ir a nd the f lu id s c a n migr a te
to the b as in fill se d ime nts thro ugh fa u lts tha t a ct a s co nd uits to the geo ther ma l
flu ids (F ig. 21 ). The so urc e o f hea t for the geo the r ma l s ys te m is be lie ve d to be
the pr es e nce o f la r ge c o nvec tio n ce lls lo ca te d be ne ath the Ca rs o n Lake . The
mod e l as s ume s the c irc u la tio n o f flu ids to a d ep th o f abo ut 25 00 m a nd the
pre se nc e o f a r ock typ e tha t a llo ws the tra ns mis s ivit y o f the fluid s (Ka tze ns te in
and others, 1987).
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Fig. 21 Generalized Reservoir Model: Reservoir rock (blue), Capping rock (red) and basin fill
sediments (yellow). Dark black solid lines indicate observed contact and dark dotted lines are
inferred contact. The reservoir is extensively fractured towards the south part which may be a
good site for geothermal drill targets and the vertical black lines are faults which are the probable
conduit to the geothermal fluids from the reservoir to the shallow basin fill sediments.
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CHAPTER 6: CONCLUSION AND RECOMMENDATION
Seismic reflection imaging is important because it is capable of imaging faults and small
scale geologic or tectonic heterogeneities, allowing accurate planning of geothermal drill
targets. Subsurface information derived from this seismic reflection imaging study gives
valuable information about the structure of the geothermal fie ld in the study area and gives
us additiona l information for the geological, geophysical and geochemical studies done
previously. Previous studies (Katzenstein and et al, 1987, Combs et al, 1995) reveals the
presence of thick (~670m) unconsolidated basin fill sediments, overlying Tertiary basalts
which in turn overlying the pre- tertiary metamorphic/plutonic complex with its top at a
depth of approximately 2040m. This study also confir ms the presence of thick basin fill
Tertiary and Quaternary sediments with the thickest part toward the north and west, these
sediments were underlain by Tertiary basalts which were interpreted to be capping rocks
for the geothermal reservoirs. The top of the capping basalt is shallower towards the south
and south- east. This seismic reflection study also reveals the presence of strongly fractured
pre- Tertiary basement complex with their top at about 1500m on the north and western part
and about 900 m on the eastern and southern part which is similar to the interpretation
given by Katzenstein. Because the reservoir with porosity and permeability are the area of
interest for geotherma l exploration, this study indicates the highly fractured pre- Tertiary
reservoir rocks on the south and south- east part of the study area is a target of interest for
further exploration and development. The different fault orientation mapped in the area can
be a possible indication of a permeability conduit for fluid flow from the reservoir.
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